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NEW NUTRACETICAL CHROMIUM COMLEXES WITH 
ENHANCED BILOGIC AL ACTIVITY AND SAFETY 

BACKGROUND 

Numerous chromium nutraceutical complexes have been described so far in patent and 
scientific literature. These also include different chromium salts that need not to be real 
chromium complexes, indeed they may be week chromium complexes, or simple ionic 
salts, such as chromium chloride hexahydrate. Only Cr (3+) species are acceptable as 
nutraceuticals, since all other valence states of Cr are considered unsafe or human health, 
while Cr (6+) species is highly toxic/genotoxic. 

Many chromium (EQ)-salts represent week chromium complexes, such as chromium salts 
with organic bi-tri-and poly-carboxylic acid (such as malic, tartaric and citric acid). 

In spite of the relatively large number of known chromium salts and complexes, only few 
of them have been marketed. The most popular ones are chromium picolinate, and 
chromium polynicotinate (chromium niacin). Some other Cr (JS) complexes, such as Cr- 
tri-camosinate are also described in patent literature and are marketed. 
In addition to those, drum-dried or spray-dried yeast grown in the presence of Cr (EI) 
has been marketed used as a nutraceutical (known as "chromium yeast"). 

Although there are numerous publications that illustrate efficiency of the marketed 
chromium supplements to at least some degree, there are also a number of scientific 
reports where side effects and/or insufficient biological activity have been documented. 
Several articles describe appreciable genotoxicity of Chromium picolinate (especially in 
the presence of ascorbic acid that is normally found in all mammalian cells in appreciable 
concentration. 

Very often water insolubility of the used Cr supplements (Cr picolinate, Cr polynicotinate, 
chromium yeast) is a serious drawback in their application (diminishing their biological 
activity/bioavailability and/or preventing researchers from testing them in cell culture 
systems in order to elucidate their biological mechanism of action). 

Therefore, there is a constant need to find new chromium compounds/complexes that 
have higher biological activity/bioavailability, higher safety/less toxicity, sufficient 
chemical stability and high water solubility. 

OUR INVENTION 

Our invention relates to new nutraceutical chromium compounds/complexes with 
enhanced biological activity and safety, and their use. More specifically, through our 
extended chemical and biological research, we unexpectedly discovered that the optimal 
(maximal) biological activity of Cr(m) species depend on the chemical stability of their 
complexes with different ligands directly measured through their association constants or 
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indirectly measured through the position of their maxima in their visible spectrum 
(lambda max)- 

Particularly striking examples include different Cr complexes with dipeptide carnosine. 
CRC5 (chromium-penta-carnosinate), CRC3R (chromium-tri-carnosinate-red) and 
CRC3V (chromium tri-camosinate-violet) are the chromium complexes with carnosine 
(prepared by a reaction of one mole of Cr with five or three moles of carnosine under 
different experimental conditions (reaction time and temperature as well as slightly acidic, 
neutral or slightly alkaline medium). 

In in vitro experiments (on total glucose uptake into L6 muscle cells at 1 00 nmol 
concentration), CRC5 increases on average 3.57, CRC3R 4.00 and CRC3V 4.45 fold 
over control. 

In vivo experiments gave much more dramatic differences: 



TABLE 1 



Fasted Blood Glucose 

Fold Increase over the Starting Point 



Diabetic Rats 




After 4 weeks) 


Treated with 


Lambda max 




Cr-picolinate 


504 nm 


2.37 (95.56%) 


Chromex 


569 nm 


1.88 (75.80% 


CRC5 


531.5 nm 


2.15 (86.70%) 


CRC3R 


540.5 nm 


1.74(70.16%) 


CRC3V 


558 nm 


1.09(43.95%) 


Untreated 




2.48 (100%) 
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Biological activity and Vambda max of selected Cr complexes 



i 
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Based on the data from table 1, it can be concluded that there is a clear relationship 
between the lambda max of a Cr complex (i.e., between the strength of theCr-Iigand 
Coordination Bond) and its biological activity. The optimal range for an absorption 
maximum is around 560 nm. It is well known that stronger coordination bonds produce 
more stable complexes that have lower values of lambda max, while weaker coordination 
bonds produce less stable complexes that show absorption maxima at higher nm values. 

In other words, the stability of a Cr complex is its key chemical/biochemical property that 
directly reflects onto the biological activity of the same. 

If complexes are too stable (Cr picolinate, for example) activity is low, and the same is 
true if the complexes are very unstable. 

That is to say, stable complexes look to be rather bioavailable but once they reach the 
target cells they do not readily transfer Cr atom to the Cr-specific binding protein(s). 
On contrary, week complexes are unstable and they are not sufficiently bioavailable 
(decomposing in digestive tract into insoluble Cr-hydroxide that is not bioavailable at all. 

Cr complexes of an intermediate stability are both bioavailable and active in target cells 
since they transfer their Cr ion faster and easier than strong complexes would do. 

Another important point is water solubility of a Cr complex. Cr picolinate, Cr niacin and 
Cr yeast are all water insoluble chemical entities and thus their bioavailability by 
definition is diminished. Our new Cr complexes are all water soluble, sufficiently stable 
and bioavailable. 
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As an example, we mention here our new Cr complex ("Chromex") that is made by a 
reaction of water soluble brewer's yeast extract and Cr chloride hexahydrate. A typical 
preparation includes a step in which yeast (eg., baker's yeast) is grown to a desired 
density, optionally washed and harvested. The cells are then preferably lysed, and the 
lyaste is cleared (e.g., via centrifugation, filtration, etc.) to produce an aqueous yeast 
extract. This extract may further be processed (e.g. , to remove nucleic acids, or protein, 
add amino acids, or other modification) or used as prepared in another step where the 
extract is combined with a nutritionally acceptable ion (here: CrUI; eg, as CrC13 salt, or 
solution thereof). It is contemplated that the ion will form numerous chemically distinct 
complexes (eg., with peptides, lipoproteins, polysaccharides, etc.), and that such 
complexes are sufficiently stable and water soluble, which is superior to so called Cr 
yeast that is water insoluble material. Leaching organically bound Cr from Cr yeast is an 
incomplete process and the Cr bioavailability for Cr yeast is seriously diminished. 

In other examples, a broader class of water soluble Cr complexes that have appropriate 
chemical, spectral and biological properties and that can be prepared by reaction a water 
soluble Cr (HI) species with a water soluble organic matrix (yeast extract and/or 
autolysate, different protein, peptide, amino acid, nucleoside containing natural extracts 
(like the malted barley extract and the like), different clear fruit juice concentrates, 
followed by a final freeze drying process. Thus, contemplated complexes exhibit superior 
solubility in water as well as an improved association constant (range) to provide 
biologically active complexes from which the ion can be retrieved under physiological 
conditions 

Further examples of appropriate Cr complexes include heterogeneous Cr complexes 
(binary and ternary Cr complexes) that contain two, three or more different organic and 
inorganic ligands. The examples of such complexes are given in the appendix: NEW 
CHROMIUM COMPLEXES. In this appendix the abbreviated names are given together 
with short procedures of preparing them. Some of these complexes have the optimal 
spectral characteristics and their biological examination is ongoing. As an example we 
mention here PK-1C Cr-Kinetin-Citrate and PK-1 (Cr-Kinetin-Chloride). Both 
complexes absorb at 564 nm and preliminary in vitro data for PK-1 complex gave at 100 
nmole concentration 2.3 fold increase (compared to control) of glucose uptake into L6 
muscle cells. 

In still further aspects, water soluble yeast extracts may also be used to complex ions 
other than CrIII, and all nutritionally acceptable ions are considered suitable for use 
herein. 
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NEW CHROMIUM COMPLEXES 



1. PK-1C (Chromiiira-mono-Kinetin-Citrate) 

2. PK-2C (Chromium-di-Kinetin-Citrate) 

3. PK-3C (Chromium-tri-Kinetin-Citrate) 

4. BAK-1C (Chromiura-raono-Benzyl-Adenine-Citrate) 

5. BAK-2C (Chromium-di-Benzyl-Adenine-Citrate) 

6. BAK-3C (Chromium-tri-Benzyl-Adenine-Citrate) 

7. CROA-1C (Chromium-Citrate-Aminooxyacetate) 

7a. CROA-1 (Chromium-mono- Aminooxyacetate) - 1 mmol SB 

7b. CROA-2 (Chromium-bis-Aaminooxyacetate) - 2 mmol SB 

7c. CROA-3 (Chromium-tris- Aminooxyacetate) - 3 mmol SB 

7d. CROAK- 11 (Chromium-mono-Kinetin-mono-Aminoooxyacetate) - lmmol SB 

7e. CROAK-21 (Chromium-bis-Kinetin-mono- Aminooxyacetate) - no SB 

7f. CROAK-22 (Chromium-bis-Kinetin-bis-Arainooxyacetate) - no SB 

8. CROX-1C (Chromium-Citrate-Oxamate) 
8a. CROX-1 (Chromium-mono-oxamate) 1 SB 
8b. CROX-2 (Chromium-bis-oxamate) 2SB 
8c. CROX-3 (Chromium-tris-oxamate) 3SB 

9. CROC-1 (Chromium-mono-Citrate) 

10. CROC-2 (Chromium-di-Citrate) 



11. CC-2 (Chromium-di-Camosinate) 

12. CC-3 (Chromium-tri-Camosinate) 
12a CC-Violet (acidic pH) 

12b. CC-Red (basic pH) 

13. HEX (HromEx) (Oiroraium-chloride in YEX) 



Molecular Weights of Starting Materials: 

CrCl 3 x 6H 2 0 (CC-hh) = 266 

Citric Acid mono-hydrate (CA-mh) = 210 

Kinetin(K) = 215 

Benzyl-Adenine (BA) = 225 

Oxamic Acid (OA) = 89 

Aminooxyacetic Acid x Yi HC1 (AOA) = 109 

Tri-sodium-citrate x 2H 2 0 (TSC-dh)= 294 

Carnosine (C) = 226 

Sodium Bicarbonate (SB) = 84 

PREPARATION PROCEDURES: 

General Remarks: 

A. Take 1 mmol (266 mg) of C1CI3 hexahydrate (CC-hh) in all cases. 

B. Take one mmol (210 mg) of citric acid mono-hydrate (CA-mh) in cases 1-9. 

C. The bellow given procedure for PK-1C is general for all Cr preparations (1-12). 
The only variables are the nature and quantity of applied ligands. 

1. PK-IC: Mix 266 mg of CC-hh, 210 mg of CA-mh, and 215 mg(l mmol) of K 
in six mL of water. Heat in a glass test tube (at boiling water bath for a short 
time). Add cautiously ] 68 mg (2 mmol) of SB (CO2 evolution!). Heat at the 
boiling water bath for next 2 hows. Transfer the clear blue-violet solution into a 
plastic vial (14 mL) and dilute to 10 mL (100 mmol solution of PK-IC). 

2. PK-2C: 266 mg CC-hh, 210 mg CA-mh, 430 mg (2 mmol) of K and 84 mg (1 
mmol) of SB. 
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3. Preparation of PK-3C (Chromium-tri-Kinetin-Citrate) 

266 mg CC-hh, 210 mg CA-mh and 645 mg (3 mmol) of K (No SB was 
added!) is heated in 40 mL of distilled water at 95°C for two hours. Kgoes 
slowly into solution and solution becomes gradually violet. Diluted to 50 
mL. Final concentration: 20 mmole. Filterfor decant) from small insoluble 
part. 

4. BAK-1C: 266 mg CC-hh, 210 mg CA-mh, 225 mg (1 mmol) of BA 168 
mgSB. 



5. BAK-2C: 266 mg CC-hh, 2 1 0 mg CA-mh , 450 mg (2 mmol) of BA and 
84 mg SB. 

6. BAK-3C: 266 mg of CC-hh, 2 10 mg CA-mh and 675 mg (3 mmol) of B A 

7. CROA-1C: 266 mg of CC-hh, 210 mg CA-mh, 1 09 mg of AOA (lmmol) 
and 252 mg (3mmol) of SB (add in protions cautiously!) 

7a. CROA-1: 266 mg CC-hh, 109 mg AOA and 84 mg mg SB in 

~ 10 mL of water. Heat at 95 C for two hours. Dilute to 10 mL exactly. 

7c. CROA-3: 266 mg CC-hh, 32 mg AOA and 252 mg SB in ~ 10 mL of 
water. Heat at 95 C for two hours. Dilute to 10 mL exactly. 

7f. CROAK-22: 266 mg CC-hh, 21 8 mg AOA, and 430 mg K in ~ 10 mL 
of water. Heat at 95 C for two hours. Dilute to 10 mL exactly. 



D. CROX-1C: 266 mg of CC-hh, 210 mg CA-mh, 89 mg OA and 252 mg SB (see 
7.). CROX-8a - 8c (work out the synthetic procedures) 



E. CROC-1 : 266 mg of CC-hh and 294 mg of TSC-dh (lmmol) 

F. CROC-2: 266 mg of CC-hh and 588 mg of TSC-dh (2 mmol) 



G. CC-2: 266 mg CC-hh, 452 mg (2 mmol) C and 168 mg of SB (2mmol) 
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H. CC-3: 266 mg CC-hh, and 678 mg (3 mmol) C 
Three Different Procedures: 

a) Dissolve CC-hh in 3 ml water; Dissolve C in three ml water; Mix quickly. 
Precipitate forms; Heat for a short time and add slowly 252 mg SB. Heat 2 hours 
at boiling wather bath. Appreciable amount of precipitate stays insoluble on 
prolonged heating. It looks like Cr-hydroxide. Final pH Basic. 

b) Dissolve CC-hh in 6 ml water. Heat at the boiling water bath for a short time. Add 
slowly to hot solution solid C. No precipitate forms. Heat for another 10 minutes 
and then add slowly and cautiously 160 mg SB. No precipitate froms. On 
prolonged heating (two to three hours) the solution satys clear. The final color is 

in between red and violet, closer to red. It is named: CC-3R (12b). Final pH 
close to neutral. 

c) Dissolve CC-hh in water (6 ml). Heat and add slowly C. No precipitate! Do 
not add SB!! Heat for next 2 hours at the boiling water bath* Stays clear! 

Stays slightly acidic. Color: Violet It is named: CC-3V (12a). 

I. HEX: 266 mg CC-hh, 400 mg (AMBEREX)) in 1 0 mL water. Keep 2 hours at 
RT. Filter from small insoluble discarded part. 



REMARK: 

12 a: CC-3 Violet, water soluble (the most acidic pH). Taken for animal 

experiment at Ray's Lab. 13. 5 HEX, taken for animal experiment. 1., PK-1C, 
taken for animal experiment 

12 b : CC-3 Red(-violet), water soluble (pH close to neutral). Should be 
compared to CC-3V in the second experiment with Ray M. 



Compounds in "violet font" are tested in the first experiment (at Ray's Lab, on 
streptozocin- induced diabetes rats). 

All compounds in "blue font" will be tested in vitro by ZB. In addition, CC-3R will be 
tested in second experiment with Ray. 
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Total glucose uptake in L6 muscle cells in vitro induced by various 
chromium compounds. Summary of screening results 

San Diego, September 08, 

2003 

Experiments were performed in FutureCeuticals, Inc., 5080 Shoreham PL, Ste 205, San 
Diego, CA 92122. 
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CRX/Hex 
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J 0-fi 0 


3 45 


CRC3V 


10 


4.70,1.88,2.0,3.0,1.71 


1.71-4.70 


2.65 




100 


8.50, 2.20, 4.9, 2.2, 


2.20-8.50 


4.45 




1000 


4.10,2.90,3.00, 3.40, 2.10 


2.10-4.10 


3.10 


CRC5 


10 


2.50, 1.77, 1.60, 1.30 


1.30-2.50 


1.73 




100 


3.17, 6.10,3.2, 2.10, 


2.10-6.10 


3.57 






3.20,4.50,2.60, 2.60 

1.15, 1.60, 1.56, 1.39, 1.30, 3.88, 2.88 


2.60-4.50 


3.22 


PK-1 


10 


1.15-3.88 


1.96 




100 


1.28,1.60,1.71, 1.98, 2.0, 5.10 


1.28-5.10 


2.28 




1000 


1.61, 1.51, 1.92, 1.63, 1.83,2.27, 


1.51-2.27 


1.79 


PK3 


10 


1.26, 1.39, 1.49, 1.40,2.36, 1.50, 138 


1.26-236 


1.54 





100 
1000 


1.50,1.0,2.42, 3.45, 2.83 
1.38,1.0, 1.50, 2.37,3.33 


1.0-3.45 
1.0-3.33 


2.24 
1.91 


CROA-1 


10 


1.41, 1.66, 2.10, 


1.41-2.10 


1.72 




100 


2.12, 2.16, 2.80, 


2.12-2.80 


2.36 




1000 


2.58, 2.10, 2.50 


2.10-2.58 


2.39 


CROA-IC 


10 


1.08, 1.07, 1.44, 


1.07-1.44 


1.19 




100 


1.32, 1.35, 1.90 


1.32-1.90 


1.52 




1000 


1.48, 1.96, 2.06 


1.48-2.06 


1.83 


CROA-3 


10 


1.46, 1.16, 1.79 


1.16-1.79 


1.47 




100 


1.78, 1.38, 1.78 


1.38-1.78 


1.64 




1000 


2.12, 1.75, 2.02, 


1.75-2.12 


1.96 


OA-K1 


10 


1.98,3.0,1.96, 1.72,2.20 


1,72-3.00 


2.16 




100 


2.52, 3.07, 2.68, 2.28, 1.99 


i.yy-3.o/ 






1000 


2.07,2.09, 2.60, 2.52,1.60 


1.60-2.60 


2.17 


MTF 


lOuM 

• 


2.16,2.30, 2.80, 2.26 


2.16-2.80 


2.38 




100 


3.59, 5.0, 3.0, 3.0, 2.0, 2.24, 2.57 


2.0-5.0 


3.10 




1000 


2.0, 2.45, 2.04 


2.04-2.45 


2.16 



Method: Total glucose uptake was measure using fluorescent analog of glucose, 2-NBDG 
from Molecular Probes Inc. L6 myoblastic cells were treated for 2 hrs with tested 
compounds in culture medium SkBM from Clonetics. After washing, cells were 
transferred to HBSA (Hepes-bufifered Saline), pH 7.0 with 50uM of 2-NBDG without 
glucose. One minute later, cells were washed with ice-cold PBS, and fixed in -20C 70% 
ethanol. Fluorescence was measured at 480/530 (excitation/emission). 

Activity of selected chromium compounds in vivo. 

Model: Streptozocin-induced insulin deficient rats (commonly known as streptozocin - 
induced diabetes type I rats). 

Steptozocin causes damage of pancreas resulting in drastically reduced secretion of 
insulin. As consequence, these rats develop severe hyperglycemia. 
So far, chromium was known to potentate action of insulin, regardless that exact 
mechanism was not known. Recently, chromium was found to stimulate AKT thus 
inducing glucose uptake to muscle cells in insulin-independent way. Still, activation of 
AKT may justified why chromium was recognized for long time as insulin enhancer. 



I 



In our studies in vivo, chromium compounds were provided in drinking water for four 
weeks at dose 42ug/kg. Vein blood was collected following four hrs fasting and used for 
fasted blood glucose level test. 

Preliminary results from two independent studies in vivo 



Study I 



Compound Fasted Blood Glucose Level 

[Fold increase over 4 weeks] 



Untreated 1.95 

CrC13 132 

CRC3-V 0.80 

CRC5 1.02 

CrPic 2.02 

Chromex 1.55 

CrNiacin 1.91 

Metformin 0.96 



Study II* 

Untreated 2.48 
CrPic 2.37 
Chromex 1.88 
CRC 3-R 174 
CRC3-V 109 

CRC5 7A5 

* study is still ongoing and results are based on three weeks of treatment only 

These results show quite dramatic improvement of glucose transport in insulin-deficient 
rats. These rats are hypo-insulinemic and hyper-glycemic due to severe pancreatitis 
conditions. Improvement under such conditions indicate that the treatment overpass 
insulin-deficiency and stimulate glucose utilization. 
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